AMD is a blinding condition of aging that can lead to permanent loss of fine, central vision.[@i1552-5783-60-4-1204-b01][@i1552-5783-60-4-1204-b02][@i1552-5783-60-4-1204-b03]--[@i1552-5783-60-4-1204-b04] The clinical AMD phenotype, particularly of advanced disease, is heterogeneous. We now have greater appreciation for the retinal-level changes that occur in the spectrum of AMD phenotype, from subretinal drusen to retinal atrophy and subretinal neovascular changes. This is due in large part to the advancements in clinical imaging modalities allowing for visualization of the retina on the "microanatomic" level. This has led to refinement of diagnostic and prognostic classifications for AMD, most notably including spectral domain-optical coherence tomography (SD-OCT)--based prognostic scales.[@i1552-5783-60-4-1204-b05],[@i1552-5783-60-4-1204-b06] Although significant advances have been made in the diagnostic AMD arena, treatment of AMD has not reached a level whereby we can slow disease progression or restore vision in a meaningful way, particularly for patients with nonexudative (dry) AMD. As a result, AMD is a significant medical problem and remains a leading cause of irreversible blindness in the aging population.

Our understanding of the systemic pathophysiologic disease mechanisms for AMD have, to date, been primarily informed by genetic epidemiologic studies in human populations (for review, please see DeAngelis et al.).[@i1552-5783-60-4-1204-b03],[@i1552-5783-60-4-1204-b07][@i1552-5783-60-4-1204-b08][@i1552-5783-60-4-1204-b09][@i1552-5783-60-4-1204-b10][@i1552-5783-60-4-1204-b11][@i1552-5783-60-4-1204-b12][@i1552-5783-60-4-1204-b13][@i1552-5783-60-4-1204-b14][@i1552-5783-60-4-1204-b15]--[@i1552-5783-60-4-1204-b16] Certainly these analyses have led to identification of important environmental exposures, genetic variation, and serum biomarkers associated with AMD. Furthermore, analysis in a human population is inherently more translational given the limitations of animal models of disease.[@i1552-5783-60-4-1204-b17] However currently, these discoveries have not led to broadly applicable advances in AMD prevention or treatment.[@i1552-5783-60-4-1204-b18][@i1552-5783-60-4-1204-b19]--[@i1552-5783-60-4-1204-b20] In fact, even the most current clinical trials based on data from systemic analysis of AMD molecular etiology, such as the recent complement pathway trials, have not resulted in improved patient outcomes (<https://www.roche.com/media/store/releases/med-cor-2017-09-08b.htm>).[@i1552-5783-60-4-1204-b21][@i1552-5783-60-4-1204-b22]--[@i1552-5783-60-4-1204-b23] One reason for the translational failure of our past efforts may be the inability to perform a systemic disease analysis and analysis of disease affected tissues (i.e., the retina, RPE, and choroid) within a given donor and across many donors simultaneously. This is problematic, however, given that fresh donor tissue is not accessible in patients, and biopsy is not clinically indicated in otherwise structurally intact eyes. Therefore, access to affected fresh tissues has been challenging to disease analysis.[@i1552-5783-60-4-1204-b24]

In addition to limited access to human ocular tissues, the ability to analyze postmortem tissues in a clinically relevant standardized manner has presented challenges. Although histologic, immunocytochemical, pathologic, and gene expression work on tissue affected by AMD (i.e., the neural retina, RPE, and/or choroid) has begun to shed light on the molecular and cellular pathophysiology underlying AMD disease, as well as the specific structural and/or cellular contributions to disease mechanisms, it has not been without its limitations. This includes lack of information on the postmortem processing time or a death to preservation time of greater than 6 hours, as well as a lack of well-characterized phenotyping of both eyes for a given donor by more than one trained clinical specialist (postmortem) using a standardized protocol.[@i1552-5783-60-4-1204-b25][@i1552-5783-60-4-1204-b26][@i1552-5783-60-4-1204-b27][@i1552-5783-60-4-1204-b28][@i1552-5783-60-4-1204-b29][@i1552-5783-60-4-1204-b30][@i1552-5783-60-4-1204-b31][@i1552-5783-60-4-1204-b32][@i1552-5783-60-4-1204-b33][@i1552-5783-60-4-1204-b34]--[@i1552-5783-60-4-1204-b35] These limitations can confound downstream experimental analysis and hence translational efforts in developing effective therapies for AMD. Specifically, lengthy or indeterminate death to preservation time can change the tissue quality such that a meaningful analysis of disease mechanisms is no longer possible.[@i1552-5783-60-4-1204-b36]

Two grading schemes that have been developed to standardize donor eye phenotyping data for research use are the Alabama AMD grading system for donor eyes and the Minnesota grading system. The Alabama AMD grading system[@i1552-5783-60-4-1204-b37] is based on the Wisconsin Age-Related Maculopathy Grading System,[@i1552-5783-60-4-1204-b38] whereas the Minnesota grading system[@i1552-5783-60-4-1204-b39] is based on the 9-Step Age-Related Eye Disease Study Scale; both scales were developed based in part on fundoscopy.

With the goal of building on prior work by others, as well moving the translational value of the field forward, our group collaborated with the Utah Lions Eye Bank and pioneered work to study tissues affected by AMD: the RPE and the neural retina. We believe that if performed in a standardized fashion prioritizing tissue integrity and using a multimodal retinal imaging approach to ensure rigorous phenotype, these data can be used for molecular biochemical and genomic studies. Herein, we report a novel paradigm for the collection, analysis, and interpretation of ocular tissue. Using a highly translational approach at the outset will facilitate development of novel disease biomarkers and/or therapeutic interventions especially for intermediate AMD. The goal is improved disease prevention and treatment.

Materials and Methods {#s2}
=====================

Donor Eye Tissue Repository {#s2a}
---------------------------

From 2013 to the present, we established a repository of fresh human eye tissue, blood, serum plasma, and vitreous in collaboration with the Utah Lions Eye Bank at the Moran Eye Center/University of Utah. We follow Eye Bank Association of America guidelines. Following Utah Code, Title 26 Chapter 28 (Uniform Anatomical Gift Act or UAGA), our coordination department uses the Utah donor registry to obtain authorization (Section 114), but will also reach out to authorized decision makers such as families when the individual is not found on a donor registry. Law enforcement, firefighters, emergency medical services, providers, or emergency rescuers are required by law as soon as reasonably possible to notify the appropriate organ procurement organization, tissue bank, or eye bank of a pending death or a death that occurs in Utah (Section 112). Working with the Utah Lions Eye Bank, our biorepository implements a standardized system for acquisition of eyes and peripheral blood (serum and plasma) and vitreous ≤6 hours of death, as well as retrospective collection of epidemiologic and clinical data from these donors[@i1552-5783-60-4-1204-b08] (a detailed appendix can be found [Supplementary Information](#iovs-60-04-37_s02){ref-type="supplementary-material"}). Because there is a short death-to-preservation time, only potential eye donors that reside 1 hour away in travel distance by car from the Utah Lions Eye Bank (at the John A. Moran Eye Center in Salt Lake City, Utah) are approached. This 1-hour travel distance by car is an operational decision made by our laboratory in collaboration with the Utah Lions Eye Bank concerning the timeline associated with providing fresh globes specifically for our laboratory\'s program of research. Our work and that of others demonstrated that there is a significant change in gene expression and RNA quality in postmortem ocular tissue with death to preservation times greater than 6 hours.[@i1552-5783-60-4-1204-b36],[@i1552-5783-60-4-1204-b40][@i1552-5783-60-4-1204-b41]--[@i1552-5783-60-4-1204-b42] Moreover, recent reports demonstrate that longer postmortem intervals can skew results of methylation studies particularly in neural tissues.[@i1552-5783-60-4-1204-b43]

Following the Utah Lions Eye bank\'s mission to Restore Hope Through Vision, the recovery program will always pursue a case for transplant as the primary goal. Part of eligibility is "ruling out" a case for transplant before pursuing research. The research exclusionary process consists on finding conditions that could be harmful to the recovery staff (e.g., herpes simplex virus \[HSV\] and HIV) and excluding those cases. The remaining screening that is done includes the criteria for the given laboratory that is on call to accept eyes. Our laboratory will receive all donors 60 years and older that are within the death to preservation time as stated above. During the screening period, the eye bank reviews all medical records that are available. In addition, and after consent is obtained, the next of kin or authorized decision maker is asked about the donor\'s history prior to recovery.

This questionnaire is used to collect medical history and risk factors including, stroke, diabetes, cardiovascular disease, Alzheimer disease status, dyslipidemia, smoking, education level, known ocular disease (AMD, glaucoma, diabetic retinopathy, retinitis pigmentosa, Lucentis and/or Avastin injections, who their eye physician was) and the name of their primary care physician. Upon death of the donor, a trained recovery technician is dispatched to the recovery location, generally at a hospital. A donor coordinator then pages the trained laboratory technician in our laboratory who is on-call once the whole globes are in transit to ensure prompt accession and processing of donor eye tissue and associated biological materials.

Ocular Phenotype Analysis {#s2b}
-------------------------

Donor eye tissue, blood, serum, plasma, and vitreous are obtained from individuals, as noted above, who have given consent for postmortem tissue donation. To perform a robust molecular analysis, the ocular phenotype relative to disease (i.e., AMD, etc.) must be assessed with a high degree of precision and correlation to current clinical practice. When ocular medical records are available, they can clarify ocular phenotype; however, they are not uniformly available or inclusive of ocular history for donor eyes. Therefore, to effectively correlate molecular findings with disease state, we need a precise and reproducible system to assess postmortem donor eye phenotype.

To achieve a rigorous and clinically relevant method of postmortem ocular phenotype analysis, we use imaging techniques used in the clinical setting, namely SD-OCT and color fundus photography. Images are taken in a manner consistent with the appearance of the analogous clinical images for both donor eyes. More specifically, immediately on receipt of the donor eyes, an incision is made approximately 2 mm posterior to the limbus, and Westcott scissors are used to remove the anterior ocular structures, including the cornea and lens. The remaining globe (all tissues posterior to the corneal limbus) is placed in an optical glass cuvette (cat. no. 93-G-50; Starna Cells, Atascadero, CA, USA) and submersed in saline solution (cat. no. 23-062-125; Thermo Scientific, Waltham, MA, USA). The cuvette is then placed on a platform such that the anterior aspect of the eye is facing the OCT, similar in orientation to that of a patient in a clinical setting. OCT images are then obtained using the Heidelberg Spectralis (Franklin, MA, USA). Macular images are obtained in 73 B-scans each spaced by 60 μm. The globe is then dissected into four equal lobes ([Fig. 1](#i1552-5783-60-4-1204-f01){ref-type="fig"}). Incisions are made from the anterior opening, between the attachment points for each extraocular muscle, and continue toward the posterior pole of the eye until the four lobes of the eye lay flat, with macula and optic nerve in the center. The vitreous is then carefully removed from the retinal surface using both blunt and sharp dissection techniques to minimize retinal detachment. Retinal images are then obtained for each eye at 0.7× and 1.25× magnifications using an Olympus SZX16 microscope camera (Shinjuku, Tokyo, Japan) ([Fig. 2](#i1552-5783-60-4-1204-f02){ref-type="fig"}).

![Butterfly dissection of the posterior donor eye. The posterior globe is cut into the depicted butterfly pattern, including sclera, RPE/choroid, and retina. Incisions are made from the anterior opening, between the attachment points for each extraocular muscle, and continue toward the posterior of the eye until the four lobes of the eye lay flat, with macula and optic nerve in the center. Macular retinal tissue is collected using an 8-mm disposable biopsy punch centered over the fovea as depicted. Additionally, a 6-mm punch is used to cut a button of RPE/choroid from within the 8-mm punch, which minimizes retina contamination to the RPE.](i1552-5783-60-4-1204-f01){#i1552-5783-60-4-1204-f01}

![Color fundus imaging in a normal donor eye. Following the butterfly dissection but prior to macular tissue isolation, retinal images are obtained for each eye at 0.7× (A) and 1.25× (B) magnifications using an Olympus SZX16 microscope camera illuminated with a Schott KL 1600 LED Fiber Optic Light Source Illuminator. Images are taken in the same orientation as done in a clinical setting for highest translational quality. As shown, detailed optic nerve, macula, fovea, and posterior pole vasculature can be seen.](i1552-5783-60-4-1204-f02){#i1552-5783-60-4-1204-f02}

To determine the precise ocular phenotype relative to disease, analysis of each set of images is performed by a team of retinal specialists and ophthalmologists at the University of Utah School of Medicine, Moran Eye Center, and the Massachusetts Eye and Ear Infirmary Retina Service, Harvard Medical School. Even the most detailed molecular analysis of tissue incorrectly phenotyped may produce artifactual results. However, there are unique challenges that arise when attempting to phenotype postmortem ocular tissue. For example, depending on the mechanism of death, there may be a degree of retinal edema that occurs postmortem. Although this may not obscure gross morphology on color fundus photography, drusen, particularly small to intermediate drusen, may be difficult to appreciate. Therefore, a multipronged strategy accounting for the unique findings in postmortem eyes was used to develop a precise tissue characterization. This is particularly important for analysis of nonexudative AMD where not just drusen but perhaps small areas of atrophy may be best appreciated with SD-OCT imaging. Bearing this in mind, each donor eye is phenotyped by independent review of the color fundus photograph and SD-OCT imaging; discrepancies are resolved by collaboration between a minimum of three specialists to ensure a robust and rigorous phenotypic analysis. If there is disagreement between the specialists, a fourth vitreoretinal specialist will weigh in until the diagnosis is resolved. If there is not sufficient evidence to decisively conclude a diagnosis, this eye cannot be further analyzed or included for study in downstream experiments. The team also has frequent meetings with calls-ins and face-to-face meetings to resolve any concerns, when available postmortem ocular phenotypes are then correlated with available clinical data. All patients are phenotyped relative to AMD status using the clinically derived modified Age-Related Eye Disease Study severity grading scale (AREDS 1, AREDS 2, AREDS, AREDS 4a, AREDS 4b) using color fundus images, as is true for existing postmortem grading scales.[@i1552-5783-60-4-1204-b44] Furthermore, SD-OCT images are used to resolve the appearance of characteristic extracellular deposits consistent with drusen in the clinical setting, fluid, atrophy, and fibrosis and differentiate artifact from pathology. Representative images in [Figure 3](#i1552-5783-60-4-1204-f03){ref-type="fig"} demonstrate the utility of using the combination of these imaging techniques for the postmortem eye as is true in clinical practice. [Figure 3](#i1552-5783-60-4-1204-f03){ref-type="fig"}A demonstrates normal findings, [Figure 3](#i1552-5783-60-4-1204-f03){ref-type="fig"}B shows intermediate nonexudative AMD, [Figure 3](#i1552-5783-60-4-1204-f03){ref-type="fig"}C shows neovascular AMD, and [Figure 3](#i1552-5783-60-4-1204-f03){ref-type="fig"}D shows geographic atrophy. Thus, our phenotyping approach uses clinically relevant systems in a multifaceted approach, appropriate for the unique factors presented by analysis of a postmortem globe. This phenotype is then compared with any known ocular diagnoses provided by the Utah Lions Eye Bank.

![Color fundus and OCT imaging of normal and diseased donor eyes provides precise visualization of AMD features. Analogous or the same eye that was used for color fundus image that is also used for the corresponding SD-OCT image as shown demonstrating (A) normal findings, (B) intermediate nonexudative AMD, (C) neovascular AMD, and (D) central geographic retinal atrophy. Color images are used to assign a classic AREDS disease classification. SD-OCT allows for clarification of drusen as seen in B or a neovascular membrane as confirmed in C and labeled with arrows. Please note the white circle present in the en face is an imaging artifact from the light source throughout.](i1552-5783-60-4-1204-f03){#i1552-5783-60-4-1204-f03}

Dissection and Isolation of Ocular Tissue {#s2c}
-----------------------------------------

We developed a standardized dissection protocol to reliably isolate the RPE/choroid from the retina and segregate the layers into quadrants. After all imaging is complete, macular retinal tissue is collected using an 8-mm disposable biopsy punch (cat. no. 33-37; Integra, Plainsboro, NJ, USA) centered over the fovea. Additionally, a 6-mm punch is used to cut a button of RPE/choroid from within the 8-mm punch. In our experience, this smaller punch of 6 mm minimizes retina contamination to the RPE (Bowes-Rickman C, personal communication).[@i1552-5783-60-4-1204-b45] Retinal tissues are separated from the underlying RPE/choroid tissues using sharp dissection under a dissecting microscope. Isolated macula retina and RPE samples are either then placed in cryotubes with RNAlater (Ambion, ThermoFisher, Waltham, MA, USA), an RNA stabilizing reagent, and stored at 4°C for 24 hours and then transferred to −80°C for long-term storage or flash frozen in liquid nitrogen and stored at −80°C for long-term storage. The peripheral retina and RPE tissues are similarly collected from each of the four individual lobes and stored separately in RNA later or flash frozen in liquid nitrogen. A total of 10 (*n* = 5 retina and *n* = 5 RPE) samples were collected from each donor eye. For a detailed protocol please see [Supplementary Information](#iovs-60-04-37_s02){ref-type="supplementary-material"}, Appendix S1. Tissue samples stored in RNAlater are processed for downstream molecular analysis using a Qiagen All-Prep DNA/RNA/miRNA Universal kit (cat. no. 80224; Qiagen, Hilden, Germany). Tissue is thawed and removed from the RNAlater reagent, homogenized using the Qiagen tissue ruptor (cat. no. 9001271; Qiagen), and processed for DNA/RNA/miRNA using the manufacturer\'s recommended protocol. The All-Prep Universal kit (cat. no. 80224; Qiagen) can also be used to purify protein from tissue. We confirm the quality of the resulting nucleic acids as follows: RNA concentration and integrity is measured via Agilent High Sensitivity RNA ScreenTape Assay (2200 Tape Station cat. no. G2991AA; Agilent Technologies, Santa Clara, CA, USA). DNA concentration and purity is evaluated by a NanoDrop 1000 Spectrophotometer (cat. no. ND-1000; Thermo Fisher), and picogreen quantitation (Qubit 2.0 fluorometer; cat. no. Q33226; Invitrogen, ThermoFisher, Waltham, MA, USA).

Results {#s3}
=======

Of the 604 donor eyes analyzed for this study, all were Caucasian of European descent, and 60% were male. The average age for the normal donors was 75.0 years (range, 60.0 to 95.0 years), and the average age for the donors with AMD was 76.0 years (range, 60.0 to 87.0 years); 7.3% of the donors included in this study were discordant in phenotype between fellow eyes, underscoring the importance of phenotyping both eyes. This is in line with that found by Olsen et al. on phenotyping of postmortem eyes using a different approach.[@i1552-5783-60-4-1204-b26] In the case of discordant phenotypes within the same donor, the more severe diseased eye was used for inclusion in the Utah Protocol study. For example, if a patient had a diagnosis of intermediate AMD consistent with AREDS 3 in one eye and normal or AREDS 1 in the contralateral eye only, the donor would have the diagnosis of intermediate AMD. Similarly, if a donor had a diagnosis of intermediate AMD/AREDS 3 in one eye and neovascular AMD/AREDS 4B in the contralateral eye, the donor would have the diagnosis of neovascular or exudative AMD, and only that eye would be used for downstream experiments.

Thirty-six percent of donors had a diagnosis of AMD; of those with AMD, 49.5% had the diagnosis of intermediate dry AMD; 15.5% had the diagnosis of geographic atrophy; 27% had the diagnosis of neovascular AMD; and 8% were mixed, having both geographic atrophy and neovascular AMD. A total of 366 eyes were normal or had no evidence of disease as described above. In addition, we had donor eyes with other diseases of aging, including diabetic retinopathy and glaucoma, which were not included in the current study (*n* = 110). Clinical and epidemiologic information was obtained through medical records, which included diabetes status, hypertension, hyperlipidemia, education, history of Alzheimer disease, and cardiovascular history, and was obtained for all donors included in this study. Not all donors had relevant ocular history within their medical records. For those who did, we demonstrated a high concordance rate between the postmortem diagnosis of AMD and prior ocular diagnosis (65%). Importantly, we were able to accurately detect the presence of AMD for all patients with a prior diagnosis of AMD. For some donors, we were able to detect early and intermediate AMD changes that were not noted in the medical records. Upon review, we determined this was either due to remote history with an ophthalmic provider or care provided in the absence of a dilated eye examination.

The addition of SD-OCT to fundus imaging enhanced our ability to more accurately phenotype postmortem tissue by improving the differentiation between artifact and true pathology through confirmation of the presence of structural retinal or subretinal features of AMD (characteristic extracellular deposits consistent with drusen in the clinical setting CNVM, fibrosis, and atrophy). As an example, a differential diagnosis for the color image shown in [Figure 3](#i1552-5783-60-4-1204-f03){ref-type="fig"}B includes intermediate AMD versus geographic atrophy. However, addition of SD-OCT helps to resolve the lack of true retinal atrophy and presence of multiple intermediate drusen consistent with a diagnosis of intermediate AMD. Conversely, the presence of true retinal atrophy is confirmed for the image three dimensionally using SD-OCT.

Implementation of our rigorous tissue processing methods resulted in production of high-quality genomic material. Resulting RNA integrity numbers (RINs) for RNA extracted from neural retinal tissue averaged ≥8.0, whereas RPE/choroid averaged ≥7.4 when stored in RNAlater. RNA yield from the macular neural retina averaged 14 μg/μL, whereas RNA yield from the macular RPE/choroid averaged 2.4 μg/μL. DNA yield from macular retina stored in RNAlater averaged 15 μg/μL, and DNA yield from macular RPE/choroid stored in RNA later averaged 4 μg/μL.

We additionally demonstrated excellent tissue integrity as measured in our downstream gene expression and epigenetic experiments.[@i1552-5783-60-4-1204-b07],[@i1552-5783-60-4-1204-b08],[@i1552-5783-60-4-1204-b46] Further, tissue expression signatures as measured by single cell nuclei sequencing obtained from tissue processed in the aforementioned manner are consistent with the specific tissue type and the individual cell type.[@i1552-5783-60-4-1204-b47] This bioinformatic approach supports proper tissue segregation and fidelity of resultant genomic materials.

Discussion {#s4}
==========

Analysis of molecular AMD pathophysiology in a human population is arguably the most translational model. Systemic human tissue analysis to date, although excellent for genetic association studies, has resulted in limited success with respect to novel prevention and treatment strategies.[@i1552-5783-60-4-1204-b48] This is particularly true for nonexudative AMD for which we are currently unable to significantly slow or reverse pathologic progression. Investigation of the diseased tissues is likely to yield more disease specific and translationally relevant findings. Access to these tissues in living human patients is not possible in the clinical setting.

Herein, we report a method by which diseased ocular tissue can be ascertained, collected, and processed in a standardized fashion such that (1) the tissue and molecular integrity is maintained and (2) relevance to human disease can be assessed in a rigorous fashion. In this way, analysis of diseased tissues in aggregate, as well as at the cellular level, can be performed with direct relevance to clinical disease particularly at the single nuclei gene expression level.[@i1552-5783-60-4-1204-b47] Further, discoveries in the diseased tissue may better represent the fundamental pathophysiology that should be targeted therapeutically. In this way, we improve our AMD diagnosis and prognosis abilities given that systemic testing is more feasible in the patient population. Finally, analysis of the affected tissue along with epidemiologic information, blood, serum, plasma, and vitreous from the same donor may allow for greater insight into which, if any, systemically associated findings such as genetic variation and comorbid disorders are functionally relevant to the disease process. This will also allow for increased understanding of the relationship between systemic and local disease mechanisms, the degree to which AMD pathophysiology is interrelated and/or co-occurring with other diseases of aging, and the degree to which we can direct treatments on the basis of systemic analysis.

The Utah protocol is a different approach for classifying rapidly processed postmortem eyes that has some similarities and some differences from prior systems. It is a standardized protocol that adds to and in some instances improves/builds on other grading schemes (Minnesota, Alabama). First, compared with the two other repositories, we not only collect the eye tissue but also collect and process the corresponding peripheral blood, plasma, serum, and vitreous for each donor. This becomes quite important and relevant for future studies, particularly when trying to identify a relevant therapeutic biomarker. Specifically, the Utah protocol allows for understanding whether biomarkers that we identify at the genomic level (DNA, RNA, and protein) in the AMD-affected tissues can be measured systemically. This is of particular importance with respect to disease relevant extracellular RNAs, which can serve as biomarkers of disease progression.[@i1552-5783-60-4-1204-b49][@i1552-5783-60-4-1204-b50][@i1552-5783-60-4-1204-b51]--[@i1552-5783-60-4-1204-b52] Moreover, induced pluripotent stem cells (iPSCs) can be generated from a donor\'s blood[@i1552-5783-60-4-1204-b53][@i1552-5783-60-4-1204-b54]--[@i1552-5783-60-4-1204-b55] and then compared back with the retina and RPE cells from the donor eye, for example, by RNASeq. This is of particular importance to make appropriate cells that can be used for functional assays in the identification of disease mechanisms and therapeutics. Although the Minnesota grading scale incorporates AMD risk to advanced AMD through the nine-step AREDS severity scale with the use of color fundus photographs, the Utah grading protocol uses the four-step AREDS severity scale. This four-step progressive classification with end-stage AMD is defined as either center involving geographic atrophy (GA, 4a), or subfoveal choroidal neovascularization (CNV, 4b), or both (4c). Moreover, the Utah protocol augments color fundus photographs with SD-OCT of eyes to resolve the appearance of characteristic extracellular deposits consistent with drusen in the clinical setting, fluid, atrophy, and fibrosis, and differentiate artifact from pathology. This is similarly true of the role for SD-OCT in current clinical practice. Although the Alabama grading scale incorporates the use of histology of the fellow donor eye relative to the donor eye being phenotyped with color fundus photography and SD-OCT, this scheme accepts the idea that some measure of discordance in phenotype between the two eyes is permissible.[@i1552-5783-60-4-1204-b25] Both the Minnesota grading scheme and the Utah protocol, while using different phenotyping approaches, do not incorporate histology and do not allow for any degree in discordancy or phenotypic ambiguity between the two donor eyes. This is in fact a tradeoff, keeping in mind the purpose of the biorepository. On one hand, although much can be learned from histology of the normal and diseased retina in AMD, both the Minnesota Grading Scheme and the Utah Protocol found at least 7% discordancy between the two donor eyes.[@i1552-5783-60-4-1204-b56][@i1552-5783-60-4-1204-b57][@i1552-5783-60-4-1204-b58][@i1552-5783-60-4-1204-b59]--[@i1552-5783-60-4-1204-b60] This was particularly apparent when the AREDS 3 phenotype was observed in one donor eye, whereas the fellow donor eye had either the normal phenotype of AREDS0/1 or neovascular AMD, AREDS 4b. This is a rather high number for discordancy between fellow eyes when one is using the donor eyes for downstream analysis, particularly in studies of gene expression and epigenetics, if the findings are to be translatable. We believe that this is the real advance under the Utah protocol: the collection of tissue for biochemical material. Similar to that of the Alabama grading scale, a strength of our approach is the relatively short postmortem tissue processing interval. In addition, the Utah protocol uses color fundus photographs combined with SD-OCT of both eyes that are interpreted by at least three independent retinal specialists. Thus, our work increases the level of rigor, clinical applicability, and potential translational value of work with donor eyes. Further, "our proof of principle" for analysis of individual ocular tissues showing measurable and reliable differences in tissue expression in single cell types demonstrates the reliability on a molecular level such that further downstream experimental analysis is feasible and appropriate.[@i1552-5783-60-4-1204-b47]

Although our work has added to prior human ocular analysis protocols, we recognize some limitations. For increased comprehensive understanding of disease pathomechanisms, we will include the collection of aqueous fluid in addition to the biological materials we currently collect. Furthermore, our current study did not include donor eyes with pseudodrusen or very early AMD (AREDS 2). Although we collected and ascertained donors who we believe to have these diagnoses, further investigation is ongoing to ensure that our phenotyping methods are suitably rigorous to ensure proper classification of eyes with more mild findings. This is important, as pseudodrusen may be a clinical biomarker for the more severe forms of AMD.[@i1552-5783-60-4-1204-b61][@i1552-5783-60-4-1204-b62][@i1552-5783-60-4-1204-b63]--[@i1552-5783-60-4-1204-b64] Moreover, depending on the presentation of the pseudodrusen, this could indicate progression to geographic atrophy or neovascular AMD. Therefore, for greatest precision, more work is required to resolve this question.

In conclusion, although the Utah protocol is a complementary approach to standardized phenotyping of donor eyes compared with those previously described, we present a novel method for analysis of ocular tissue that optimizes molecular biochemical and phenotypic integrity to a degree not currently demonstrated in the literature.[@i1552-5783-60-4-1204-b26],[@i1552-5783-60-4-1204-b65] We believe implementation of the Utah protocol will allow for discovery at the level of disease that will be invaluable to moving our prevention, diagnostic, and treatment paradigms forward for this disease.
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======================
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